When sound containing many frequencies is reflected from a flat surface, an observer in the field of both the incident and reflected sounds hears a broad tone with an associated pitch that varies inversely with distance from the surface. Measurements made in three experiments have led to an explanation of the phenomenon. First, reference tones were sounded and positions located where their pitches matched those of a sound field produced with thermal noise. Again with thermal noise as a source, the field was carefully analyzed with a sound spectrograph. With an array of discrete frequencies used as the source in the third experiment, the regular array of standing waves thus produced gave rise not only to a pitch change at the barrier, but also to similar pitch changes at points in front of it. The pitch that is heard is a subjective tone produced by the ear from the sound pattern in front of the reflector. This pattern is caused by interference between the incident and reflected sounds. Although the phenomenon can be produced with a very narrow band of frequencies, it cannot be produced with a single pure tone. It is most easily noticed with frequencies ranging from 200 to 2000 cps and does not depend on frequencies above 10 000 cps.
INTRODUCTION
S an observer approaches a flat, sound-reflecting surface in the presence of certain sounds, a pitch sensation can be noticed that seems to be superimposed on the sound. The pitch of this sensation is found to rise as the observer approaches the reflector. This pitchchange phenomenon is used by some blind people in locating objects in their path. Different explanations of the cause of this phenomenon have been offered.
In 1944, a series of experiments performed at Cornell University by Supa, Cotzin, and Dallenbach • showed that blind men use reflected sound to locate objects. In later experiments, •' subjects listened through earphones to sounds being sent from a moving speaker, reflected from a wall, and picked up through a microphone moving on the same carriage with the speaker. When the test sound was thermal noise, the subjects were able to detect the barrier quite well. They reported the main clue to the presence of the wall to be a change in the "pitch" of the thermal noise--a "sort of a siren effect," the pitch continuing to rise as the carriage drew nearer to the wall. Using pure tones as the test sound, they were unable to detect the wall, except when they used a 10 000-cps tone. These experimenters attributed the pitch change to the Doppler effect and concluded that high-frequency sounds of approximately 10 000 cps and above were necessary to produce it.
Twersky 3 also reports hearing a variation of pitch with distance from a barrier. He offers a theoretical explanation based on a change in pitch due to an increase in intensity of the sound as the distance to the wall decreases.
The variation of pitch due to a change in intensity, and to some extent the Doppler effect, deals with variations of a single-frequency tone. Thermal noise has no specific pitch, but rather it is made up of many random pitches. Thus, it should be easier to hear changes in the pure tones than in the thermal noise. The reports of Cotzin and Dallenbach's subjects show that this is not the case. Further, the Doppler shift depends on the relative velocity of the source 4 and the observer. This shift should be constant as long as the carriage moves toward the wall at a constant speed. The subjects, however, reported that the pitch rose continuously up 912 I. G. BASSETT AND E. J. EASTMOND to the wall. A more thorough examination of this pitchchange effect will show that neither the Doppler shift nor changes in intensity are the main cause of the phenomenon.
I. PRELIMINARY OBSERVATIONS
Some general, qualitative observations gave some insight into the properties of the phenomenon and a feeling for the importance of the different variables. It was found that a satisfactory source to produce an easily noticeable pitch change could be almost any sound that is fairly continuous and has many random pitches. Thermal noise from an amplifier works well. The more the source approaches white noise, the more easily the pitch change is heard. A fairly large, flat, reflecting surface is all that is needed to provide sufficient sound reflection to make the phenomenon detectable. The observer can be either a person or a microphone. A large body is not necessary at the observation point. Indeed, even a small probe microphone will pick up the change readily.
The pitch change can be heard either with the observer moving along a line between a fixed source and a fixed reflector, or with the source moving between a fixed observer and a fixed reflector, or with observer and source moving together with respect to the reflector. For most of the work reported here, the first situation was the one used. To simplify the discussion in this report, let D represent tke distance from source to reflector, and d the distance from observer to reflector.
One of the first significant features noticed in the phenomenon was a definite relationship between the pitch and the variable distance d. The pitch is low and the change is slow for large values of d. As the observer moves between d--1 m and d--O, the change is quite rapid and easily heard. Upon recording and carefully listening to the pitch change, it became further apparent that as the distance was doubled the pitch would vary through one octave.
Some interesting results were obtained by introducing a bandpass filter between the microphone at d and the listener in another room. The microphone was swung like a pendulum in front of the reflector so that d varied between about 5 and 35 cm. Bands one octave wide were allowed to pass. The variation was not detectable with bands below the 150-to 300-cps range. It became progressively easier to detect as higher bands were passed.
For all bands between the 200-to 400-and the 1200-to 2400-cps ranges, the pitch change was easily noticed. The effect became less and less noticeable as higher bands were passed, until finally it could only be faintly heard as the microphone swung closer to the reflector. The apparent pitch of the sound swept through the same frequency range with each swing of the microphone, regardless of which band was passing. This varying pitch seemed to superimpose itself on whichever part of the total noise came through the filter. 
B. Experiment 2: Measurement of d vs f with Thermal Noise
This experiment is designed to determine more carefully and accurately the relationship between the apparent pitch and the distance from the wall to the observer. It was performed in a large anechoic chamber. 5 Only one-dimensional situations are considered. The source and observer lie always on a line perpendicular to the face of the reflector.
The sound for this experiment was thermal noise from a preamplifier and power-amplifier combination with the input terminals open. The gain control on both amplifiers was turned up high to produce as much of the random noise as possible. This sound was sent into the anechoic chamber through a 7-in. speaker and a tweeter. Both the speaker and the tweeter were placed and held at a distance D=560 cm from the panel (see Fig. 2 ).
The sound was reflected from a large unpainted board made from several pieces of i-in. plywood. The entire panel measured 246 cm on each side and was reinforced along the edges and in the back. This panel was suspended near one end of the anechoic chamber.
The sound was received through a small microphone suspended from a nylon cord so that it faced the panel and was about 60 cm above the lower edge. To determine accurately the relationship between d and f, the Sonagram was analyzed as follows: Lines were drawn along each curve tracing out as nearly as possible its center from its beginning to the 200-cm mark. At points 10 cm apart, the frequencies of the lines were recorded and the average frequency difference found, using the method of differences. These average values are compared in Table I with the theoretical frequencies determined from Eq. (1). The speed of sound was taken as 3.48X 104 cm/sec, corresponding to the room temperature of 28øC.
From Table I 
C. Experiment 3: Variations Produced by Combinations of Pure Tones
This third experiment was set up to study the effect of using a combination of pure tones as a source instead of thermal or white noise.
The sound for this experiment was produced by a tone generator, or sound synthesizer. 7 This instrument consists of 100 oscillators that can be set to give any frequency between 50 and 10 000 cps. The intensity of each oscillator can be varied independently over a wide range. For this particular experiment, they were set to give tones of nearly equal intensity of frequencies 200, 300, 400, etc., up to 8000 cps for the first part of the experiment and frequencies 200, 400, 600, etc., up to 8000 cps for the second part. All the other apparatus was the same as that described in Experiment 2.
The same procedure was followed here as in the preceding experiment, except for a doubling of the distance through which the frequency spectrum was studied. The following qualitative observations were made at the onset of the experiment: (1) The pitch change was not as easily detected. The tone generator produced quite an uncomfortable "droning" noise, making it harder to hear the more-subtle changing tone. The droning noise was a very loud difference tone produced by the combination of evenly spaced pure tones from the source. As could be expected, its frequency was the same as the separation frequency f' of the oscillators. The pitch change could still be heard, however, and sounded much like it did with the thermal noise. (2) At certain distances from the board, another change of pitch, exactly like the one near d-0, could be heard. As the observer approached one of these points, the pitch would rise just as though there were a wall there. As he passed through the region, the pitch would reach a maximum and then fall off smoothly on the other side as though he were walking away from a wall. Several of these were observed in the space between the panel and the speakers. Because each of these regions gave the impression of a wall where there was no wall, they were called "false walls."
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where X'=c/f'.
On either side of a point where the bars line up, a symmetrical distribution of antinodes can be seen, the pattern being the same as that at d=0.
If more frequencies are added until f'= 200 cps, one has just what is shown in the actual Sonagram of Fig.  3(c) . Here, the same pattern exists, but d' is increased to 87 cm. With the regions of symmetry this far apart, the pitch change can be detected audibly, giving rise to the false-wall effect. The irregularity of the pattern on Fig. 3(c) at about 4000 cps is due to two of the oscillators whose frequency shifted almost 100 cps.
For the Sonagrams of Fig. 3(b) , the frequency separation f' was 100 cps. It is interesting to note that, although there was no 100-cps oscillator sounding and no 100-cps line present on the Sonagram, a very distinct 100-cps tone could be heard. This, of course, would be the difference tone produced in the ear by all the other tones. Again, on these Sonagrams, the same pattern can be seen. The configuration at d= 0 remains the same and d' is greater (174 cm, corresponding to X'/2 for f'= 100 cps).
Each curved line is the result ooe the spacing ooe successive antinodes ooe the complete standing-wave pattern. If many frequencies are added so that f' goes to zero as in the case ooe white noise, Eqs. 
